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We report here a new phenomenon in photoluminescence of C60 doped in polystyrene. Under 488
nm cw laser radiation, the PL intensity of the sample was found to increase with time. With 10 h
irradiation, the PL signal strength increased by 10 times, comparable to that from porous Si. T
peak of the PL was found to shift to high frequency as well. More detailed studies showed that su
an irreversible change of the sample might be a result of the lowering symmetry of oxidized C60





























C60 fullerenes, with the highest occupied molecular o
bital to lowest unoccupied molecular orbital~HOMO–
LUMO! gap of about 1.9 eV,1 show characteristics of mo
lecular semiconductors.2 Neutral C60 fullerenes in solid form
exhibit very weak luminescence at room temperature.3 This
low fluorescence quantum yield is the result of a forbidd
HOMO–LUMO transition and the very efficient intersyste
crossing to the excited triplet states of C60.
4 The strongest
luminescence peak~about 1.7 eV! always lies below the tran-
sition forbidden HOMO–LUMO gap.5 Matuset al.6 gave a
self-trapped exciton model to explain the red-shifted~1.9–
1.7 eV! photoluminescence~PL! of pristine C60. When C60 is
used as a dopant in a conducting polymer, Yoshinoet al.7–10
found that the material exhibits various novel properties su
as quenching of photoluminescence~PL! and electrolumines-
cence~EL!, enhancement of photoconductivity, and photo
duced absorption.11 All those can be explained by photoin
duced charge transfer.
In this letter, we present detailed PL study of C60 doped
in polystyrene. The PL spectrum from the fresh sample
room temperature is similar to that of the pristine C60 with a
peak at 1.7 eV. However, under 488 nm laser irradiation
extended time~on the order of hours! in air, the sample ex-
hibited a fluorescence spectrum blue shifted with a peak n
at 1.9 eV, while the PL intensity increased by more than
times. We interpret this effect as due to the photo-oxidat
of C60 fullerene in polystyrene.
To prepare thin-film samples of C60 doped polystyrene,
small polystyrene~PS! pellets and purified C60 ~.99.5%!
powder were mixed together with weight ratios ranging fro
65:1 to 377:1 in toluene solvent, followed by evaporation
the solvent under ambient atmosphere at room tempera
For PL measurement a cw Ar1 ion laser, operating at 488 nm
with output power of 100 mW was used as the exciti
source. The laser beam was not focused and had a radiu
1 mm to avoid sample damage. The luminescence from
sample was dispersed by a half meter focal length monoc
mator and detected by a photomultiplier tube with the help
a lock-in amplifier.
Figure 1 shows PL spectra of the polystyrene sam
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with higher C60 doping level PS:C60565:1) during 10 h of
laser irradiation. Curve~a! represents the initial spectrum,
taken before extended laser irradiation of the sample. The P
signal was weak but readily observable. The broad spectru
is peaked at 730 nm~1.7 eV!, which is the same as that of
pristine C60.
3 However, as the laser irradiation time in-
creases, the PL intensity increases and the peak of PL sp
trum shifts to a shorter wavelength. After 10 h of irradiation
the intensity increases by 10 times and the peak shifts to 68
nm @curve ~f! in Fig. 1#. Saturation can be reached if longer
irradiation time is used. As shown in Fig. 2 and curve~g! of
Fig. 1, the spectral peak eventually shifts to 660 nm. Th
above change is irreversible and the final luminescenc
strength is comparable to that of porous silicon.
For samples with a lower C60 doping level ~e.g.,
PS:C605184:1; 377:1), thesame effect was observed. Af-
ter extended laser irradiation of the sample, the spectral pe
eventually blue shifts to 660 nm as the PL spectrum reach
saturation. However, the lower concentration of C60 results in
a smaller increase in PL intensity compared to that shown
Fig. 2. The undoped polystyrene sample has also bee
checked under the same experimental condition. It has
weak PL at 570 nm and no PL enhancement effect was o
served with long time irradiation.
Previous studies12–14 showed that solid C60 is sensitive
to light in the UV-vis region. Under UV-vis irradiation in a
vacuum or inert atmosphere, C60 can open up the double
bonds and form a polymerized structure. Under simultaneou
FIG. 1. Room-temperature PL spectra of C60 doped polystyrene under laser
irradiation in different exposing times~a! 25 min,~b! 150 min,~c! 275 min,
~d! 400 min,~e! 525 min,~f! 650 min,~g! 1150 min.943/943/3/$10.00 © 1996 American Institute of Physics






















exposure to UV-vis light and oxygen, C60 undergoes a pho-
toassisted reaction with molecular oxygen. Optical vibr
tional mode studies indicate rapid diffusion of oxygen in
solid C60 with assistance from UV-vis photons. It was als
found that the presence of O2 suppresses the formation o
C60 polymer. The photo-oxidation products are reported
intact fullerene cages such as C60On .
To determine the role of oxygen in our case, we repe
the experiment by placing the sample under inert gas (N2).
As shown in Fig. 3, when monitoring the PL intensity at 66
nm, the PL spectrum remained unchanged after 5 h of irra-
diation. This result indicates the irreversible PL change
C60 doped polystyrene sample under laser irradiationin air is
due to oxidization of the C60.
To further prove our point that the effect is photoin
duced, we heated the sample to 150 °C for 5 h. Although
color of the sample changed due to the oxidization of po
styrene, no significant change in PL was observed. Differe
laser sources were also employed to irradiate the sample.
found that the irreversible PL change of C60 doped polysty-
rene only occurs when the photon energy of exciting sou
lies in the absorption band of C60
3,15 ~see Table I!. This
wavelength specificity of the phenomena also implies pho
oxidation of C60 in polystyrene as the mechanism responsib
for the change.
Since the photoinduced sample is permanent, we to
room-temperature FTIR transmission spectra of the sam
before and after laser irradiation. The difference between
two spectra is shown in Fig. 4. Two broad bands at abo
FIG. 2. Change in photoluminescence intensities and peak positions
C60 doped polystyrene under ambient atmosphere during long time la
irradiation.
FIG. 3. Change in photoluminescence intensities of C60 doped polysytrene
under ambient atmosphere and protecting inert gas during long time la
irradiation.944 Appl. Phys. Lett., Vol. 68, No. 7, 12 February 1996


















1100 and 1750 cm21 indicate that the irradiated sample had
additional C—O and CvO bonds.16 The 1750 cm21 band is
assigned as oxidized C60, in agreement with other work.
12
Accurate analysis of chemical components and struc
tures of the final product of C60 doped polystyrene after long
time laser irradiation still needs further investigation. Here
we offer one possible mechanism accounting for the en
hancement of PL from the sample. Normally, C60 HOMO-
LUMO transition is forbidden due to the high symmetry
(I h) of the structure.
17 Under laser irradiation, C60 undergoes
a photoassisted reaction with molecular oxygen in air to form
C60On , with oxygen atoms attached to the fullerene
cage.18,19 The lower symmetry of the oxidized C60–PS ad-
duct strengthens the HOMO-LUMO transition (S1–S0) such
that the fluorescence can compete with intersystem crossi
(S1–T1). This also explains the blue shift of the lumines-
cence spectrum.
In conclusion, C60 doped polystyrene exhibits weak lu-
minescence similar to that from pristine C60. After long time
laser irradiation of the sample, the fluorescence signal b
comes stronger by more than 10 times and the spectrum bl
shifts to 650 nm. We interpret such effect as a result of th
lowering of symmetry of oxidized C60 fullerene in the poly-
styrene.
This work was supported by William Mong Solid State





TABLE I. Dependence of photon energy of exciting source of PL enhance
ment effect of C60 doped polystyrene.
Exciting
wavelength
~nm! PL spectrum Notes
488 Change Into the absorption band with a peak
maximum at 450 nm
514 Change Into the absorption band with a peak
maximum at 450 nm
633 Change Directly into the lowest energy
absorption band
808 No change Out of the absorption band of C60
812 No change Out of the absorption band of C60
FIG. 4. FTIR transmittance difference spectra for C60 doped polystyrene
before and after long time laser irradiation.Zhang et al.
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